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Radiation applicator and method of radiating tissue 



The present invention relates to medical technology, and more particularly to a microwave radiation 
applicator and a method of thermal ablative treatment of tissue using radiated microwaves. 

Thermal ablative therapies may be defined as techniques that intentionally decrease body tissue 
temperature (hypothermia) or intentionally increase body tissue temperature (hyperthermia) to 
temperatures required for cytotoxic effect, or other therapeutic temperatures required for a particular 
treatment. 

The invention is concerned with hyperthermic thermal ablative therapies. Examples of these include 
RF, Laser, Focussed (or Ultra-High Speed) Ultrasound, and microwave treatments. 

Microwave thermal ablation relies on the fact that microwaves form part of the electromagnetic 
spectrum causing heating due to interaction between water molecules and the microwave radiation, 
the heat being used as the cytotoxic mechanism. Treatment involves the Introduction of an applicator 
into the tumours. Microwaves are released from the applicator forming a field around its tip. Direct 
heating of the water molecules in particular occurs in the radiated microwave field produced around 
the applicator rather than by conduction from the probe itself. Heating is therefore not reliant on 
conduction through tissues and cytotoxic temperature levels are reached rapidly. 

Microwave thermal ablative techniques are useful in the treatment of tumours of the liver, brain, lung, 
bone, etc. 

US patent 4494539 discloses a surgical operation method using microwave, characterized in that 
microwaves are radiated to bio-tissue from a monopolar type operating electrode attached to the tip of 
a coaxial cable for transmitting microwaves, and an operation of coagulation, hemostasis or 
transection is performed on the bio-tissue with the use of thermal energy generated from the reaction 
of the microwaves on the bio-tissue. The bio-tissue can be operated in an easy, safe and bloodless 
manner. Therefore, the method can be utilized for an operation on a parenchymatous organ having a 
great blood content or for coagulation or transection on a parenchymatous tumour. According to the 
method, there can be performed an operation on liver cancer which has been conventionally regarded 
as very difficult A microwave radiation applicator is also disclosed. Possible treatments also include 
those of tumours of the liver, spleen and ovary. 

US patent 6325796 discloses a microwave ablation assembly and method, including a relatively thin, 
elongated probe having a proximal access end and an opposite distal penetration end adapted to 
penetrate into bio-tissue. The probe defines an insert passage extending therethrough from the 
access end to the penetration end thereof. An ablation catheter includes a coaxial transmission line 
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with an antenna device coupled to a distal end of the transmission line for generating an electric field 
sufficiently strong to cause tissue ablation. The coaxial transmission line includes an inner conductor 
and an outer conductor separated by a dielectric material medium. A proximal end of the transmission 
line is coupled to a microwave energy source. The antenna device and the transmission line each 
have a transverse cross-sectional dimension adapted for sliding receipt through the insert passage 
while the elongated probe is positioned in the bio-tissue. Such sliding advancement continues until the 
antenna device is moved to a position beyond the penetration end and further into direct contact with 
the bio-tissue. 

However, a drawback with existing techniques include the fact that they are not optimally mechanically 
configured for Insertion into, and perforation of, the human skin, for delivery to a zone of soft tissue to 
be treated. Typically, known radiation applicator systems do not have the heightened physical rigidity 
that is desirable when employing such techniques. 

In addition, some radiation applicators made available heretofore do not have radiation emitting 
elements creating a microwave field pattern optimised for the treatment of soft tissue tumours and, 
e.g., have through having a simple monopolar design. 

Also, given the power levels employed in some applicators/treatments, there can be problems of 
unwanted burning of non-target, healthy tissue due to the very high temperatures reached by the 
applicator or components attached thereto. 

Further, although small diameter applicators are known, and liquid cooling techniques have been 
used, there has been difficulty In designing a small diameter device with sufficient cooling in 
applications employing power levels required to deal with soft tissue tumours. 

There is a need for methods of treatment of soft tissue tumours, and for radiation applicators, that 
overcome any or all of the aforementioned problems of prior art techniques and provide improved 

efficacy. 

■ 

The present invention provides a radiation applicator for applying electromagnetic radiation to tissue, 
comprising a conductor coupled to a source of electromagnetic radiation; and a dielectric member 
adapted to deliver electromagnetic energy of a predetermined intensity pattern into the tissue. 

Preferably, the radiation applicator comprises: axial central conductor coupled to a source of 
electromagnetic radiation; an elongate dielectric member, the dielectric member surrounding at least 
part of said central conductor along an axial length thereof; an elongate metal ferrule, the ferrule 
surrounding the central conductor and extending parallel thereto along a length thereof. 
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According toanother aspect of the invention the ferrule and the dielectric member have cooperating 
surfaces and wherein the ferrule and the dielectric member are fixed to each other with the 
cooperating surfaces in close abutment, thereby providing a rigid structure. 

In another aspect of the invention, the radiation applicator further comprises: a tuning conductor, 
attached to the central conductor and in electrical contact therewith; wherein the shape and 
dimensions of the tuning conductor, and the shape and dimensions of the dielectric member and?or 
the dielectric proiperties thereof, are predetermined whereby a radiating dipole is formed, in use, for 
radiating electromagnetic energy in at least a radial direction from said dielectric member. 

In another aspect of the invention, the radiation applicator further comprises: an elongate metal tube; 
wherein the ferrule is fixedly attached on opposing respective sides thereof to the dielectric member 
and to the metal tube; and wherein the central conductor is electrically coupled to a cable extending 
within the metal tube, an elongate annular space being defined between the cable and the metal tube 
so as to permit the passage of cooling fluid to at least the ferrule. 

In another aspect of the invention there is provided a radiation applicator for applying electromagnetic 
. radiation to tissue, comprising: an axial central conductor coupled to a source of electromagnetic 
radiation; an elongate dielectric member, the dielectric member surrounding at least part of said 
central conductor along an axial length thereof; an elongate metal ferrule, the ferrule surrounding the 
central conductor and extending parallel thereto and along a length thereof; an elongate metal tube 
. surrounding a portion of the central conductor remote from the part surrounded by the dielectric 
member; wherein the ferrule is fixedly attached on opposing respective sides thereof to the dielectric 
member and to the metal tube; and wherein the central conductor comprises the inner conductor of a 
cable extending within the metal tube, an elongate annular space being defined between the cable and 
the metal tube so as to permit the passage of cooling fluid to at least the ferrule. 

The present invention further provides a method of treating target tissue, such as a tumour, the tmour 
target tissue being formed of, and/or being embedded within, soft tissue, comprising: inserting a 
radiation applicator into the target tissue, the radiation applicator being according to any of the 
embodiments described herein; supplying electromagnetic energy to the applicator, thereby radiating 
electromagnetic energy into said target tissue. 

Embodiments of the invention will now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic partial cross-sectional view of a radiation applicator in accordance with one 
embodiment of the Invention; 

Figure 2 shows (a) an axial cross-section, and (b) an end elevation of the radiating tip part of the 
radiation applicator of Fig. 1 ; 
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Figure 3 shows a partial transverse cross-section of the metal pipe part of the radiation applicator of 

Fig. 1 ; 

Figure 4 shows (a) a transverse cross-section, and (b) an axial cross-section, of the tuning washer in 
the radiation applicator of Fig. 1 ; 

Figure 5 shows (a) an axial cross-section, and (b) an end elevation, of the ferrule in the radiation 
applicator of Fig. 1; 

Figure 6 illustrates (a) an axial cross-section, and (b) a transverse cross-section, of a handle section 
that may be attached to the metal tube in the radiation applicator of Fig. 1; 

Figure 7 illustrates the portion of coaxial cable that passes through the tube, in the radiation applicator 
of Fig. 1; 

Figure 8 is a plot of S 1t against frequency for the radiation applicator of Fig. 1 ; 

Figure 9 illustrates (a) the E-field distribution, and (b) the SAR values, around the radiation applicator 

of Fig. 1 , in use; 

Figure 10 shows sequentially the assembly of components to form the radiation applicator of Fig. 1; 
and 

Figure 11 schematically illustrates a treatment system employing the radiation applicator of Fig. 1. 

i 

In the following description, like references are used to denote like elements, and where dimensions 
are given, these are in mm. Further, it will be appreciated by persons skilled in the art that the 
electronic systems employed, in accordance with the present invention, to generate, deliver and 
control the application of radiation to parts of the human body may be as described in the art 
heretofore. In particular, such systems as are described in commonly owned published international 
patent applications WO95/04385, W099/56642 and WO00/49957 may be employed (except with the 
modifications described hereinafter): full details of these systems have been omitted from the following 
for the sake of brevity. 

Figure 1 is a schematic partial cross-sectional view of a radiation applicator in accordance with one 
embodiment of the invention. The radiation applicator, generally designated 102, includes a distal end 
portion of a coaxial cable 104 that is used to couple to a source (not shown) of microwaves, a copper 
ferrule 106, a tuning washer 1 08 attached on the end 1 10 of the insulator part of the coaxial cable 104, 
and a tip 112. Preferably, the applicator 102 further includes a metal tube 114: this tube 114 is rigidly 
attached to the ferrule 106; and, as discussed further hereinafter, and annular space 116 is defined 
between the outer conductor 118 of the cable 104 and the inner surface of the tube 114, enabling 
cooling fluid to enter (in the direction of arrows A), contact the heated parts of the applicator 102 and 
exit in the direction of arrows B through radial holes 120 in the tube 114, thereby extracting heat 
energy from the device. 

In assembly of the applicator 102, the washer 108 is soldered to a small length 122 of the central 
conductor 124 of the cable 104 that extends beyond the end 1 10 of the insulator 126 of the cable 104. 
The ferrule 106 is soldered to a small cyGndrical section (indicated as 128) of the outer conductor 118 
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of the cable 104. Then, the tube 114, which is preferably stainless steel, but may be made of other 
suitable materials, such as. titanium (or any other medical grade material), is glued to the ferrule 106 
by means of adhesive (such as Loctite 638 retaining compound) at the contacting surfaces thereof, 
indicated at 130 and 132. The tip 112 is also glued, using the same adhesive, on the inner surfaces 
thereof, to corresponding outer surfaces of the ferrule 106 and the cable's insulation 126. 

When assembled, the applicator 102 forms a unitary device that is rigid and stable along Its length, 
which may be of the order of 25 or so centimetres when the tube 1 14 is included, making it suitable for 
insertion into various types of soft tissue. The space 116 and holes 120 enable cooling fluid to extract 
heat from the applicator 1 02 through contact with the ferrule 1 06, the outer conductor 1 1 8 of the cable 
104 and the end of the tube 114. The ferrule 106 assists in assuring the applicator's rigidity. The 
exposed end section 134 of cable 104 (from which the outer conductor 118 has been removed), in 
conjunction with the dielectric tip 112, being fed by a source of radiation of predetermined frequency, 
operate, in use, as a radiating antenna for radiating microwaves into tissue for therapeutic treatment. 
The applicator 102 operates, in use, as a dipole antenna rather than a monopole device, resulting in 
an emitted radiation pattern that is beneficial, due to its spherical direct heated area (larger burn), for 
the treatment of certain tissues, such as malignant or tuimorous tissue. 

. ■ ■ ■ , • ■ 

Figure 2 shows (a) an axial cross-section and (b) an end elevation, of the radiating tip part 112 of the 
radiation applicator of Fig. 1 (in each case, the dimensions are given in mm). As can be seen, the tip 
112 has inner cylindrical walls 202, 204, and abutting walls 206, 208, for receiving and abutting the 
washer 108 and ferrule 106 respectively, during assembly. Suitably, the tip 112 is made, of zirconia 
ceramic alloy. More preferably, it is a partially stabilised zirconia (PS2) having yttria as the stabilising 
oxidising agent. Even more preferably, the tip 112 is made of Technox 2000 (available from Dynamic 
Ceramic), a PSZ having a very fine uniform grain compared to other PSZs, and with a dielectric 
constant (k) of 25. Appropriate choice of dielectric material assists in determining the properties of the 
radiated microwave energy (field). 

It will be noted that the transverse dimensions are relatively small: in the described embodiment the 
diameter is less than or equal to 2.4mm; and the tip 112 is designed to. have dimensions, and be 
formed of the specified material, so as to perform effective tissue ablation at the operating microwave 
frequency, in this case 2.45 GHz. The 2.4 mm diameter device is thus well adapted for insertion into, 
and treatment of, cancerous and/or non-cancerous tissue of the liver, brain, lung, veins, bone, etc. 

The end 210 of the tip 112 is formed by conventional grinding techniques performed in the 
manufacture of the tip 112. The end 21 0 may be formed as a fine point (like a needle or pin), or it may 
be formed with an end blade (e.g. like a chisel), i.e. having a transverse dimension of elongation. The 
latter configuration has the benefit of being well suited to forcing the tip 112 into or through tissue> i.e. 
to perforate or puncture the surface (e.g. skin) of tissue. 
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In use, the tip 1 12 is preferably coated with a non-stick layer such as silicone or paralene, to facilitate 
movement relative to tissue. 

Figure 3 shows a partial transverse cross-section of the metal pipe 114 part of the radiation applicator 
of Fig. 1. The tube 1 14 is suitably made of stainless steel (specifically 13 gauge thin wall 304 welded 
hard drawn (WHD) stainless steel tube). In this embodiment, the tube 114 is some 215 mm in length: 
only the end section that is attached to the ferrule 106 is illustrated in detail in Fig. 3. 

As can be seen, in this case, two sets of holes 120 t 120' are provided at 12 and 13 mm, respectively, 
from the end 302 of the tube 114. These radial holes 120, 120\ as mentioned, permit the exit of 
cooling fluid. Although two sets of holes are shown, 1, 3, 4 or more sets of holes may be provided, in 
variants of the illustrated embodiment In addition, although two holes per set are shown, 3, 4 5, or 
more holes per set may be provided, so long as . the structural rigidity of the tube 114 is not 
compromised. In this embodiment, the holes 120, 120' are of 0.5mm diameter, but it will be 
appreciated that this diameter may be quite different, e.g. any thing in the range 0.1 to 0.6 mm, 
depending on the number of sets of holes and/or the number of holes per set, in order to provide 
effective flow rate. Although the illustrated distance from the end 302 is 12 or 13 mm, in alternative 
embodiments this may be any thing from 3mm to 5 cm from the end 302, in order to control the length 
of track that requires cauterisation. 

Further, in an embodiment used in a different manner, the tube 114 may be omitted. In this case the 
treatment may comprise delivering the applicator to the treatment location (e.g. tuimorous tissue) by 
suitable surgical or other techniques. For example, in the case of a brain tumour, the applicator may 
then be left in place inside the tumour, the access wound closed, and a sterile connector left at the 
skull surface for subsequent connection to the microwave source for follow-up treatment at a later 
date. 

Figure 4 shows (a) a transverse cross-section and (b) an axial cross-section, of the tuning washer 108 
in the radiation applicator 102 of Fig. 1. The washer 108 is suitably made of copper, although other 
metals may be used. The washer 108 has an inner cylindrical surface 402 enabling it to be soldered to 
the central conductor 124 of the cable 104 (see Fig. 1). Although the washer is small, its dimensions 
are critical. The washer tunes the applicator, which operates as a dipole radiator (radiating energy 
from two locations), so that more effective treatment (ablation) of tissue is effected. 

Figure 5 shows (a) an axial cross-section, and (b) an end elevation, of the ferrule 106 in the radiation 
applicator 102 of Fig. 1. The ferrule 106 is suitably made of copper, and is preferably gold plated to 
protect against any corrosive effects of the cooling fluid, the composition of which Is discussed 
hereinafter. The ferrule 106 is suitably produced by conventional (e.g. CNC) machining techniques. 
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Figure 6 illustrates (a) an axial cross-section and (b) a transverse cross-section at B-B of a handle 
section 602 that may be attached to the metal tube 114 In the radiation applicator 102 of Fig. 1. The 
handle section 602 is suitably stainless steel, and is preferably formed of the same material as the 
tube 1 14. The handle section includes a forward channel 604 enabling insertion of the tube 114 during 
assembly, and a rear channel 606 enabling insertion of the coax cable 1 04 during assembly. A 
transverse port 608 having an internal thread 610 enables the connection of a (suitably plastic) 
connector, for connecting to a source of cooling fluid, discussed later. Once assembled, the 
arrangement enables cooling fluid to pass in the direction of arrow C into the tube 114 (not shown). 

Figure 7 illustrates the portion of coaxial cable 104 that passes through the tube 114, In the radiation 
applicator 102 of'Fig. 1. The cable 104 suitably comprises a low-loss coaxial cable such as SJS- 
070LL-253-Strip cable. A connector 702 (suitably SMA female type) permits connection of the cable 
104 to a microwave source (not shown), or to an intermediate section of coax cable (not shown) that in 
turn connect to the microwave source. 

Figure 8 is a plot of S-n against frequency for the radiation applicator of Fig. 1 . This illustrates the ratio 
of reflective reflected microwave power from the interface of the applicator 102 and treated tissue to 
total input power to the applicator 102. As can be seen, the design of the applicator 102 causes the 
reflected power to be a minimum, and therefore the transmitted power into the tissue to be a 
maximum, at the frequency (2.45 GHz) of the delivered microwaves. 

Figure 9(a) shows the E-field distribution around the radiation applicator 102 of Fig. 1, in use. Darker 
colours adjacent the applicator 102 indicate points of higher electric field. In Fig. 9(a), the position of 
the washer 108 is indicated at 902, and the position of the tip-ferrule junction is indicated at 904. Two 
limited substantially cylindrical zones 906, 908, of highest electric field are thus formed around the 
applicator 102 at the positions 902 and 904 respectively. 

Figure 9(b) shows the SAR (specific absorption rate) value distribution around the radiation applicator 
102 of Fig. 1, in use. Darker colours adjacent the applicator 102 indicate points of SAR. In Fig. 9(b), 
the position of the washer 1 08 is indicated at 902, the position of the tip-ferrule junction is indicated at 
904, and the position of the ferrule-tube junction is indicated at 905. Two limited substantially 
cylindrical zones 910, 912, of highest SAR are thus formed around the applicator 102 at the positions 
902 and between 904 and 905, respectively. 

Figure 10 shows sequentially the assembly of components to form the radiation applicator 102 of Fig. 
1. In Fig. 10(a), the coax cable 104 is shown, with the outer conductor 118 arid the inner insulator 126 
trimmed back, as illustrated earlier in Fig. 7. 

As shown in Fig. 10(b), the tube 114 is then slid over the cable 104. Next, the ferrule 106 is slid over 
the cable 104 (see Fig. 10(c), and fixedly attached to the tube 114 and to the cable 104, as described 
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earlier. Then, the washer 108 is attached to the inner conductor 124 by soldering, as shown in Fig 
10(d). Finally, the tip 112 is slid over the cable 104 and part of the ferrule 106. and glued thereto, as 
described earlier, the completed applicator is shown In Fig. 10(e). This results in a radiator 
construction of great rigidity and mechanical stability. 

Figure 11 schematically illustrates a treatment system 1102 employing the radiation applicator 102 of 
Fig. 1. Microwave source 1104 is couple to the input connector 1106 on handle 602 by coaxial cable 
1108. In this embodiment, the microwave power is supplied at up to 80 W. However this could be 
larger for larger size applicators (e.g. up to 200 W for 5mm dia. applicators) 

Syringe pump 1110 operates a syringe 1112 for supplying cooling fluid 1114 via conduit 1116 and 
connector 1118 attached to handle 602, to the interior of the handle section 602. The fluid is not at 
great pressure, but is pumped so as to provide a flow rate of about 1 .5 to 2.0 ml/minute through the 
pipe 114 in the illustrated embodiment. (However, in variants of the embodiment, where an applicator 
is operated at higher powers, higher flow rates than this may be employed, so as to provide 
appropriate cooling.) Suitably, the cooling fluid is saline, although other liquids or gases may be used, 
such as ethanol. In certain embodiments, a cooling liquid having a secondary (cytotoxic) effect couid 
be used, enhancing the tumour treatment In the illustrate embodiment, the cooling fluid 1114 exits the 
tube 114 (see arrows B in Fig. 1) at a temperature of the order of 10°C higher than that at which it 
enters (see arrows A in Fig. 1) the tube 114. Thus, substantial thermal energy is extracted from the 
radiation applicator 102. The cooling fluid 1114 may, for example, enter the tube 1114 at room 
temperature; however, the cooling fluid 1114 may be pre-cooled to below room temperature by any 
suitable technique. 

The methodology for use of the above-described applicator may be as conventionally employed in the 
treatment of various soft tissue tumours. Thus, the applicator is inserted into the body, 
laparoscopically, percutaneously or surgically, moved to the correct position by the user (assisted 
where necessary by positioning sensors and?or imaging tools, such as ultrasound) so that the tip 112 
is embedded in the tissue to be treated. The microwave power is switched on, and the tissue thus 
ablated for a predetermined period under the control of the user. In most cases, the applicator is 
stationary during treatment However, in some instances (e.g. veins), the applicator may be moved 
(gentle sliding motion relative to the target tissue) while the microwave radiation is being applied. 



